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ABSTRACT 


This publication presents climatological parameters of barometric 
pressure, air temperature and air density in relation to the ARDC Model 
Atmosphere 1959 at 1 km altitude intervals for the location Vienna, 
Austria. The frequency distributions have been established for the 
twelve monthly and the annual reference periods with values of cumulative 
percentage frequency corresponding to the mean and plus and minus one, 
two and three sigma levels of normal distribution. The statistical infor- 


mation is based on the observational period March 1954 - February 1959. 
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SYMBOLS, TERMS AND ABBREVIATIONS 


C - Compressibility factor of moist air 


ae (p, T) - Function of pressure and temperature to account for 
interactive forces between dry air and water vapor 


P - Barometric pressure 

T - Absolute thermodynamic temperature 

x - Mean of normal distribution 

p - Air density 

fo} - Standard deviation of normal distribution 


Parameters of station: A set of data comprising the geographic coordinates 
(latitude, longitude, elevation), sea level ac- 
celeration of gravity and the equivalent radius 
of earth of a particular station. 


Primary altitude levels; A set of altitude levels including the surface 
and the levels at integer kilometer increments 
above MSL. 


Primary probability levels: The following values of cumulative percentage 
frequency: 0,135°/., 2.28°/., 15.9°/o, 
HO hay Seley. 99.72°/o> 99.865°/,. 


Sigma levels: In a frequency distribution, values corresponding to the 
mean plus or minus integer multiples of the standard 
deviation. Referred to as plus one sigma level, minus 
one sigma level etc. 


Significant level: A level at which the lapse rate of temperature or 
relative humidity changes such that a departure from 
linearity results which is at least 2°C in the 
troposphere and at least 5°C in the stratosphere or 
at least 30°/, in the case of relative humidity. 


Thermodynamic atmospheric quantities: An overall term for barometric 


pressure, air temperature and air 
density. 


ABMA ~- Army Ballistic Missile Agency 


ARDC - Air Research and Development Command 


vi 


CPF - Cumulative percentage frequency 
MSFC - Marshall Space Flight Center 


MSL - Mean sea level 
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I. INTRODUCTION 


The investigation and evaluation of large quantities of atmospheric 
data is necessitated by the establishment of reliable missile design 
criteria and atmospheric inputs for firing tables. This report repre- 
sents the nineteenth part of the ABMA Climatological Ringbook, presenting 
statistical information on barometric pressure, air temperature and air 
density for the location Vienna, Austria, 


The atmospheric quantities are given in relation to the ARDC Model 
Atmosphere 1959 (Ref. 7) at the primary altitude levels, since this 
standard atmosphere has been employed with all standard trajectory calcu- 
lations of free flight rockets and guided missiles. Percent deviations 
from the standard were chosen for pressure and density while temperature 
is given in the form of absolute departures from the model. The frequency 
distributions were established for the twelve calendar months and the year 
as reference periods. The data are presented both in tabular and in 
graphic form. 


Table I shows the parameters of station. Pressure, temperature and 
air density as represented by the ARDC Model Atmosphere 1959 (Ref. 7) are 
given in Table II at 1 km altitude intervals. The quantities are pre- 
sented both in physical and in technical units. All units are given in 
the metric system. 


The relevant calculations were carried out on an IBM 7090 computer 
in the Computation Division of the George C. Marshall Space Flight Center, 
National Aeronautics and Space Administration, Huntsville, Alabama. 
Several programmers worked on the problem. The function of a technical 
liaison representative between Geophysics Branch, Research Laboratory, 
ABMA, and Computation Division, MSFC, was performed by Mr. A. P. Alsobrook. 
The publication of this report was facilitated by the efforts of Messrs. 
A. P. Alsobrook and R. F. Tankersley, and Miss B. Lay who took care of 
the typing and assembling of the master copies. 


II. PROCESSING OF DATA 
A. Raw Data 


The values of barometric pressure, air temperature and relative 
humidity at the significant levels of each individual radiosonde ascent 
were used as input for a computer program to determine pressure, tempera-~ 
ture and air density at constant altitude levels. The original obser- 
vations were obtained by means of the AN/AMT-4 radiosonde during the 
period from 1 March 1954 to 28 February 1959. The raw data were procured 
from the Free University of Berlin (Institut fiir Meteorologie und Geophysik 
der Freien Universitat Berlin), Berlin - Dahlem, Germany. Significant 
level data had not been key-punched previously. 


B. Treatment of Individual Ascents 


The raw data were processed on an electronic computer according to 
detailed instructions (explained in Ref. 2). Pressure, temperature and 
air density were determined at 1 km altitude intervals for each indi- 
vidual ascent. Furthermore, percent deviations of pressure and air 
density and absolute deviations of temperature from the ARDC Model 
Atmosphere 1959 (Ref. 7) were determined at each primary altitude level. 
Positive deviations mean larger actual quantities than the corresponding. 
ARDC quantities. 


Pressure (mb and kp/m@), temperature (°C and °K) and air density 
(kg/m? and kp sec*/m*) together with the departures from ARDC have been 
tabulated at the primary altitude levels for every individual ascent. 
These data can be furnished by Geophysics Branch, Research Laboratory, 
ABMA, upon request. 


C. Statistical Processing 


After the determination of the thermodynamic atmospheric quantities 
at the primary altitude levels for every individual ascent, the statisti- 
cal processing was performed. Since atmospheric quantities seldom follow 
a normal (Gaussian) distribution, the different quantities have been 
determined at the primary probability levels. These levels of cumulative 
percentage frequency correspond to the mean and the plus and minus one, 
two and three sigma levels of a normal distribution. In analytical writing, 
in a Gaussian distribution the abscissae correspond to CPF values as 
follows: 


Abscissa CPF (°/.) 
X - 30 0.135 
x = 20 2.28 
x- a@ 15.9 


xt oo 84.1 
xX + 20 97.72 
x + 30 99.865 


(x = mean of the normal distribution) 


(o 


No regrouping of the data was made. The width of the classes was 
set by the round-off procedures prescribed for the individual values. 
The statistical parameters were determined to the same accuracy as the 
individual values. When the CPF of the minimim class exceeded 0.1455°/,, 
the next smaller class was assigned a CPF of 0.01°/,. Thus a "minus 
three sigma value" was obtained smaller than the minimum. 


standard deviation of the normal distribution) 


D. Form of Presentation 


The statistical parameters of pressure, temperature and air density 
are presented in tabular and graphical form. The frequency distributions 
of pressure, temperature and air density in relation to the ARDC Model 
Atmosphere 1959 (Ref. 7) are presented in Table IV(1... 13), Table V 
(1... 13), and Table VI (1... 13), respectively. The number of obser- 
vations is shown for each altitude level. In addition, the same frequen- 
cy distributions are presented graphically to yield quick and perspicuous 
information on the climatic conditions in the free atmosphere at the 
location considered (Fig. LT (1... 13), Fig. IT (1... 13), Fig. III 
(1... 13)). The two extreme profiles (CPF = 0.135°/, and 99.865°/,) 
have been drawn from point to point. Some smoothing has been done with 
the other profiles. 


III. RELIABILITY AND REPRESENTATIVENESS OF DATA 
A. Errors of Observation 


An intricate discussion of errors to be discriminated in upper air 
climatology has been given in an earlier report (Ref. 1). 


The usual shortcomings of the AN/AMT-4 radiosonde are inherent to 
the presented thermodynamic upper air data. The individual values are 
subject to instrumental errors whose magnitudes vary from ascent to 
ascent. Statements about errors of the individual and statistical data 
of pressure, temperature and air density at constant altitude levels 
caused by observational errors adherent to the originally measured quanti- 
ties cannot be made at this time. The presented median values can be 
considered more or less free of random observational errors while the 
values at the edges of the distributions may be distorted by random errors 
of observation. 


At the higher levels a remarkable portion of the observed pressure 
and density variation may be spurious due to the large random error of 
the pressure capsule measurements in those altitude regions. Only night- 
time ascents have been used for establishing this climatological infor-~ 
mation. Thus, radiational errors have presumably been eliminated to a 
large extent. 


B. Procedural Errors 


Procedural errors which can be inferred by simplifying assumptions, 
round-offs and too broad class intervals do not adhere to the presented 
thermodynamic upper air data. The class intervals have been chosen small 
enough such that every distribution consists of no less than 15 classes. 
The computational accuracy was chosen such that the placement of an indi- 
vidual value of a derived quantity into a certain interval is not influ- 
enced by the calculations. The numerical integration of the hydrostatic 
equation provided for an objective evaluation of the radiosonde ascents, 
preventing systematic errors of the derived quantities which might be 
caused by the “personal equation" of the evaluator in the case of a graphic 
evaluation of the ascents. 


Before integrating the hydrostatic equation, the US standard pressure 
levels were interspersed between the significant levels, in order to keep 
the thicknesses of layers relatively small. 


In the case of "motor-boating" relative humidity, statistical values 
had already been inserted by the contractor. If the relative humidity 
was missing, the simultaneous temperature reading not being less than 
“40°C, a mean value was inserted for the particular pressure level, month 
and station. 


Interactive forces between like and unlike molecules were taken 
into account by introducing virial and interaction coefficients. In 
order to determine the correct mixing ratio, a function f (p, T) was 


introduced (Ref. 43), and the compressibility factor C was utilized to 
compensate for deviations from perfect gas behaviour when air density 
was computed. 


The saturation pressure of liquid water was calculated according to 
the Goff-Gratch formulation (Ref. 5) under consideration of the new 
thermodynamic temperature scale adopted by the Dixieme Conférence Générale 
des Poids et Mesures in October 1954 (Ref. 4). 


The computed geopotentials of the significant and standard levels 
were converted to (geometric) altitude according to Lambert's formulation 
(Ref. 8). 


Because of the decrease of pressure and air density with altitude 
these quantities were computed to a greater accuracy at the higher alti- 
tude levels than at the lower altitude levels. The interpolated tempera- 
ture was rounded off to 0.1°C. 


C. Mistakes 


In order to free the raw data from inherent obvious mistakes, a 
comprehensive program was implemented to check the data for meteorological 
consistency and to supplement missing data by interpolated values 
(Ref. 6). After this procedure, the data were key-punched, and the 
punching was verified by a different operator. The punched raw data 
were thus free of mistakes to a very large extent. Unfortunately, the 
computer program was apparently not completely checked out, since the 
minima given on the machine listed frequency distributions did not always 
agree with the minima selected during another phase of the data processing 
program. The thereby caused "erratic points" were eliminated by means of 
a semi-subjective procedure. 


D. Statistical Representativeness and Confidence 


Observations taken with a radiosonde system usually produce a series 
of profiles of different vertical extension. The presented data have been 
made serially complete up to the 100 mb level (ca. 16 km). Above that 
level such a supplementation was almost impossible. Thus, there is no 
decreasing number of observations up to 16 km height. 


At the higher levels, the statistical significance and confidence 
are diminished because of smaller sample sizes. The data at those levels 
might even be biased as the ceiling of radiosonde ascents could be corre- 
lated with the synoptic situation. Another bias may have been introduced 
by the trend that has been recognized in the average ceiling of radiosonde 
ascents during the period of observation. Stratospheric levels were 
reached more often in recent years than in earlier years. 


Since the presented climatological parameters are based on a com- 
paratively short period of observations, they should be accepted with 
some reservations, especially at levels above 16 kn. 


Any statistical evaluation was omitted when less than 30 observations 
were available, 


Table LII shows the number of ascents for each calendar month of 
the observational period. 
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Table I 


Parameters of Station - Vienna, Austria 


1 Mar 1 - 28 Feb 1959: 


48°15'N 
16°22 'E 
200 m 


<> oe 
ueodou 


ARDC - Values at Surface: 


wee me wee OR RE Re ee Ee 


p = 10,089.4 kp/m? 
T = 286.86 °K 
= 0.12254 kpsec*/m* 


p 
Legend; 
@ © geographic latitude 
A © geographic longitude 
X, 2 elevation of RAOB instrument shelter 
p #* pressure 
T © temperature 
o £ air density 


Note: The elevation of station given in Tables IV - VI is in error. 
The correct elevation is given in this table. 
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TABLE IL 


Pressure, Temperature and Air Density 
As_ of ARDC Model Atmosphere 1959 
Air Density 


Y Pressure Temperature 
FA ( mb) ( kp/m?) C6) ( °K) (kgm ) (kp sec* /m*) 


ss 
| 4 | 617 6,290 | -11.0 262.15 | 0.819 83.5 x 10° 
| 5,510 -17.5 255.65 


472 4,810 -23.9 2h9 .25 


0.736 75.1 x 10° 


0.660 67.3 x 107 


Wid 4,190 -30.4 242.75 | 0.5900 60.15 x 10° 


bp iI 3,640 -36.9 236.25 0.5260 53.65 x 10° 


308 3,140 -43 4 229.75 0.4670 47.60 x 10° 


265 2,700 “49.9 223.25 | 0.4135 42.15 x 10° 


es 227.0 2,315 
12 194.0 1,980 
| 13 | 166.0 1,690 -56.5 216.65 
| us | 141.5 1,445 -56.5 216.65 
| 16 | 103.5 1,055 -56.5 216.65 
ce 
| 18 | 75.7 Tl -56.5 216.65 
| 19 | 64.7 659 | -56.5 216.65 
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-56.4 216.75 | 0.3650: 37.20 x 10° 


-56.5 216.65 0.3120 31.80 x 10° 


0.2665 27.20 x 10° 
0.2280 23.25 x 10 
0.1950 19.90 x 10° 
0.1665 17.00 x 10° 
O. 142k 14.50 x 10" 
C.1216 12.40 x 10° 


©.1040 10.60 x 10° 


Table II (Con't) 


8 ce ee 
[ae [ene ine [65 ase | ose eae 
a [es ms [snes [oe veer 
le 
[a [es es [ro em | oor eee 
se ee 
Pe [ es es [380 ere [oom oe 
ere es [oo aoe [ome nae 
Pa [en a5 [seo aoa | coe osteo 
Es 
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Jan = 
Feb 
Mar 
Apr . 
May 31 
Jun 

Jul i 
Aug : 
Sep 40 
Oct 

Nov 
Dec ‘ 
Total i 


a 
Numbe fe) A 2. teaches Branton 


1955 
31 
28 
31 
30 
31 
30 
51 
31 
30 
31 
30 
31 

365 


Table III 


1956 
31 
29 
31 
30 
31 
30 
31 
31 
30 
31 
30 
31 

366 


1957 
31 
28 
31 
30 
31 
30 
31 
31 
30 
31 
30 
31 

365 


1958 
31 
28 
31 
30 
31 
30 
31 
31 
30 
31 
30 
31 

365 


1959 Tot 
a 


1 


31 
155° 


28 141 
155 
150 
155 

150 
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